We present a continuous size-dependent particle separator using a negative dielectrophoretic (DEP) virtual pillar array. Two major problems in the previous size-dependent particle separators include the particle clogging in the mechanical sieving structures and the fixed range of separable particle sizes. The present particle separator uses the virtual pillar array generated by negative DEP force instead of the mechanical pillar array, thus eliminating the clogging problems. It is also possible to adjust the size of separable particles since the size of virtual pillars is a function of a particle diameter and applied voltage. At an applied voltage of 500 kHz 10 V rms (root mean sqaure voltage) sinusidal wave and a flow rate of 0.40 µl min -1 , we separate 5.7 µm-, 8.0 µm-, 10.5 µm-, and 11.9 µm-diameter polystyrene (PS) beads with separation purity of 95%, 92%, 50%, and 63%, respectively. The 10.5 µm-and 11.9 µm-diameter PS beads have relatively low separation purity of 50% and 63%. However, at an applied voltage of 8 V rms , we separate 11.9 µm-diameter PS beads with separation purity over 99%. Therefore, the present particle separator achieves clog-free sizedependent particle separation, which is capable of size tuning of separable particles. 
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부 록
In order to estimate the effective barrier size (d e ) of the virtual pillar, we derive a two-dimensional model (Fig.  3 ) of particle trajectories in the virtual pillars. We assume that particle flow induced by hydraulic force is uniform flow and particle flow induced by dielectrophoretic (DEP) force is irrotational radial flow originated from an edge of one spot electrode. Thus, the particle trajectories can be simply modeled by superposition of uniform flow and irrotational flow and we can get particle trajectories (12) from the stream function by simple analytic calculation.
We can get a stream function (ψ) for net particle trajectories with polar components (r and θ) as follows: where ε m is the permittivity of the medium; D is the particle diameter; ω is the angular frequency; K(ω) is the Clausius-Mosotti factor; E is the root mean square (rms) value of the electric field vector; η is the dynamic viscosity of the medium; ε * , σ, ε 0 , and ε are the complex permittivity, the conductivity, the permittivity of vacuum, and the relative permittivity; ε p * and ε m * are the complex permittivity of the particle and the medium, respectively.
The where V DEP is the rms value of the applied voltage; e r is the radial direction vector. Due to DEP force and buoyancy force, heights of particles in the designed microchannel (the height: 15 µm) are also dependent to the particle diameters. The electric field (E) is a function of the height of the particle and the distance from the center of the electrode (r). However, we assume it to be proportional to particle diameters for conveniences of calculation [Eq. 
